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REGULAR MEETING, September 2d, 1887. 

Vice-President Leeds in the chair. 

The following gentlemen were unanimously elected members: 
Prof. H. L. Grant, Nebraska State Normal School, Peru, Neb.; 
Wm. J). Horne, chemist, Fulton Sugar Refinery, Dock and Water 
streets, Brooklyn, N. Y. 

Messrs. F. P. Ingalls and Frank T. King, of Brooklyn, were 
proposed for active membership. 





( Dr. Leeds read a paper on ‘The Origin and History of the Epi- 
demic of Typhoid Fever at Mt. Holly, N. J.” 
The resignation of 'l’. M. Hopke was read and accepted. 


The meeting was then adjourned. 
T. D. O'CONNER, 


Recording Secretary. 
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THE CHEMISTRY OF NITROGEN AS DISCLOSED IN THE 
CONSTITUTION OF THE ALKALOIDS.* 
By Pror. A. B. PRescorr. 

To the compounds of carbon chemistry has devoted its main 
strength ever since this science reached maturity of purpose. In 
the work among organic compounds science has made its nearest 
approaches to an actual acquaintance with the molecule as a chem- 
ical center, and from these advances every branch of chemical art 
receives full benefit. 

Carbon was the first to gain attention as the member giving spe- 
cific character to organic compounds (1).¢ Hydrogen entered into 
the definition of organic chemistry (2) at a later period. At pres- 
ent, hydrocarbons are represented to be the parent forms of chem- 
ical families, with carbon as the member for fixed position and 
hydrogen as the member for exchange. Upon these two elements, 
and upon their relations in the molecule, investigation has fixed its 
steadfast eyes in the will to divine the ways of chemical action. 

Nitrogen comes next in turn as an organic element of impor- 
tance. Hitherto, for the most part, organic nitrogen has been 
regarded only as a member peculiar to certain categories of carbon 
compounds. The name of nitrogen has not entered into any defi- 
nition of general of commanding interest. Nevertheless, the car- 
bonaceous compounds of nitrogen have already so appeared as to 
shed a good light uponchemical structure. It is hardly too much 
to say that in the study of these compounds lies before us the very 
organic chemistry of organic chemistry. 

Through the inorganic world and its majestic round of supplies 
for the sustenance of living bodies, nitrogen has been noted as a 
unique element. The physiological availability of the free nitro- 
gen of the air, long found a divided question, was well discussed 
in the last annual address before this section. The artificial con- 
version of atmospheric nitrogen into ammonia, an old attempt, is 
constantly urged at the hands of invention by new demands from 
the great chemical industries. The service of nitrogen in the ex- 


*An address delivered by the Vice-President of Section C (Chemical Section) of the Ameri- 
can Association for the Advancement of Science, New York Meeting, August, 1887. 
tList of references at end of the address. 
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plosives, fairly well under control in the use of projectile agents, 
is still in the need of improvements for safety and for rate of 
action. ‘The element assumes strangely diverse relations: it pre- 
sents to us an enigma in physiology: it leads in our estimates of 
the agricultural value of plant foods: it stands in its indifference 
as an obstruction 11 


the way of great chemical manufactures ; it 
keeps the post of a trusted agent for projectile force in arts of war 
and of peace; it mocks us with its abundant presence in an inap- 
proachable virgin state: the same element that holds the structure 
of the aniline dyes and governs the constitution of the vegetable 
alkaloids. ‘The character of nitrogen challenges mechanical skill. 

The chemistry of nature instructs the chemistry of art. Molec- 
war syntheses wrought out in the vegetable kingdom, sometimes 
too complex for analysis, often too difficult to reproduce, always 
claim our study; and the reasons so far shadowed forth are more 
than enough to justify the attempt here entered upon to trace 
back the path of attainment, and take the bearings of our progress 
in the chemistry of nitrogen as disclosed in the structure of the 
alkaloids. 

The history and the present state of the constitution of the vege- 
table alkaloids, and other nitrogenous bases, may be outlined in 
the following order : 

(1) The conception of the type of ammonia in the formation of 
nitrogenous bases. The light of this theory has enabled great 
numbers of artificial compounds to be produced, but for the most 
part it has failed to reveal the structure of the vegetable alkaloids. 

(2) The study of the aromatic type of structure in closed chains 
of six positions of carbon, conjoined with the ammonia type in 
side chains. Great numbers of new bases of amido-benzenoid 
constitution have been produced while the benzenoid type has 
been found in but few of the vegetable alkaloids. 

(3) The demonstration of the pyridine and quinoline aromatic 
groups, holding nitrogen in position within the closed chain in 
the constitution of numerous vegetable alkaloids. Already arti- 
ficial production of both new and natural alkaloids follows up the 
discovery of the pyridine type of formation. 

(4) The researches upon azo and diazo benzenoid bases, in which 
nitrogen is linked to nitrogen in an open side chain of benzenoid 
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molecules. Color substances in abundance have been made upon 
these types, and a late announcement implies that the diazo struct- 
ure takes part among animal decomposition products. 

I. Nitrogenous Bases as Derivatives of Ammonia. 

It was remarked by Justus Liebig in 1830 (3), that the capacity 
for saturation of acids, possessed by the plant bases, was in pro- 
portion to the number of equivalents of nitrogen they contained. 
As early as 1837 Berzelius (4), reasoning on the results of Reg- 
nault and Liebig, advanced the doctrine that the vegetable bases 
were conjugated compounds of ammonia—binary combinations 
in which the entire molecule of ammonia was united with a group 
or compound radical containing carbon—represented by H, N X. 
The saturating power of the alkaloid was stated to be the same as 
that of the contained ammonia. Liebig departed from the doctrine 
of Berzelius to this extent, that he held the organic bases to be 
binary combinations, not of entire ammonia, but of amidogen, so 
that they were represented by H,NY. Liebig’s view looked toward 
but did not reach the idea of substitution for the hydrogen in am- 
monia.* The doctrine of Berzelius as a whole, ‘* by no means met 
with general approbation, but ” to use the words of Hofmann, ‘it 
was retained and carried out by Berzelius with the perseverance 
and ratiocination peculiar to that great chemist.” 

At the time of these studies, vegetable alkoloids had been known 
in the chemical world for about twenty years. The chief bases of 
opium, cinchona, strychnos, veratrum, aconite, and the solanaceous 
plants had been obtained. The first distinct announcement of a 
plant base was that of morphine by Sertiirner in 1805, but this 
did not gain attention until Sertiirner’s fuller report in 1817 (5). 
In 1803, however, Derosne (6) had obtained a ‘ crystallizable 
opium salt” by two methods, one of which must have'given him 
morphine, and the other, narcotine. In 1844, about fifty vegeta- 
ble alkoloids were enumerated, including some whose indentity has 


not been established (7). 


* In 1840 (loc. cit.) he made a remarkable prediction of the nature of the amines, obtained’by 
Wurtz and by Hofmann ten years afterward. ‘If,’ said Liebig, ‘* we were able to replace! by 
amidogen the oxides of methyl and ethyl, and of two basal radicals, we should without the 
slightest doubt obtain a series of ¢ ompounds exhibiting a deportment similar in every respect 
to that of ammonia. Thus a compound of the formula C,H; H2N would be endowed with the 


properties of a base. 
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The disadvantage incurred in investigation of organic bases un- 
der the Binary Theories of Berzelius and Liebig is shown by the 
difficulty described by A. W. Hofmann (8) in London, as late as 
1849. ‘* Vainly have I hoped in the course of my investigation on 
this subject,” he says in conclusion of a paper on certain organic 
compounds of ammonia, ‘‘to cause aniline to split up into ammo- 
niaand the conjunct (,H,.”+ ‘The introduction of the Theory of 
Substitution and the Theory of Types by Dumas and Laurent (9) 
prepared the way soon after 1840 for the production of derivatives 
from ammonia. 

The first representatives, methylamine and ethylamine, were ob- 
tained by Adolph C. Wurtz, in February, 1849, (10) — through 
the action of potash upon the cyanic ethers.[ The year before 
he had made report (11) on the same reaction, with the surmise 
that he had obtained a derivative either of a urea or of an ether.$ 
but after obtaining methylamine asa caustic volatile alkali, he was 
emphatic in declaring itan ammonia. ‘‘ I have succeeded, in fact,” 
he said, ‘in converting ammonia into a true organic compound, 
by adding to it the elements of the hydrocarbon CH,.” || Wurtz 
at first christened the new products *‘ methylamid ” and‘ ethyla- 
mid.”” Mr. T. Sterry Hunt, then writing in St//iman’s Journal 
(12), proposed the names of ‘ methylamine,”’ ‘‘ ethylamine,” etc., 
as **more consonant with the nomenclature of the alkaloids.” The 
names ‘*‘methyliak,” ‘‘ butyriak,” etc., were offered by Dumas ; 
and the names ‘‘methammine,”’ ‘‘ ethammine,” ete., by Gerhardt 
(15). In his communication of August, 1849, Wurtz adopts the 
terms ‘‘methylamine,” ete., and about thistime he presents rational 
formule, on the ammonia type, for a good number of artificial bases, 
aniline, toluidine, and picoline, for nicotine, and conine, and 
claims formule for several oxygenated bases. 

Dr. Hofmann had been engaged in investigation ‘‘on the vola- 
tile organic bases,” communicated in 1849 and 1850 and already 

+ Original, Cyg Hy 

+ That is, the methyl and ethyl isocyanates. Also by action of potash on the isocyanurates 
aye ther a urea in which one equivalent of water is replaced by one of ether, or methy! 
ether in which the molecule of oxygen (weight 8) is replaced by a molecule of amidogen, 
N iJ." The latter view corresponds to that in the prediction of Liebig already quoted. 

‘**Ammonia,” said Wurtz, *‘ should decidedly be regarded as the most simple and most 
powerful of the organic bases ; and it would be for all chemists the type of that numerous 


class of bodies, did it not differ in one undoubtedly important character, but to which,” he 
concludes, *‘ an exaggerated value has been attributed. Ammonia contains no carbon.” 
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referred to (8), and he welcomed ‘‘the splendid investigation of 
M. Wurtz” with unstinted enthusiasm. He now adopted the the- 
ory of substitution for the hydrogen of ammonia, and with remark- 
able celerity he verified the theory by replacing the second and the 
third atoms of hydrogen by organic radicals. Beyond this he sub- 
stituted the fourth hydrogen atom of ammonium salts, explained 
the formation of ‘* white precipitate” and other metallic deriva- 
tives, and set forth the likeness of oxygenated alkaloids to the 
compounds of ammonium. For the greater number of his results 
he employed the simple reaction which bears his name, the reaction 
between iodides or bromides of radicals and the ammonia or lower 
derivatives of ammonia. His masterly reports of 1850 and 1851 
fill seventy-eight pages of the Philosophical Transactions (14), 
concluding with an extensive classification of new substances, and 
with ambitious expectations of finding the constitution of impor- 
tant vegetable bases. This reaction, used by Hofmann for the 
introduction of ‘‘alkyls” or alcohol radicals into ammonia, pro- 
ducing successively primary, secondary and tertiary amines and 
then alkyl ammonium salts, is a reaction now in constant use upon 
alkaloids in the course of investigations. By this reaction, for 
exampie, morphine is convertible into methyl-morphine, which is 
codeine, and an homologous ethyl-morphine is readily obtainec 
(15). Brucine is dimethoxy-strychnine : a methyl-strychnine an 
an ethyl-strychnine are produced (16); and these artificial products 
are under trial as to their physiological effects. Quinine is a 
methoxy-cinchonine. Cocaine is readily formed by the introduction 
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of methyl into benzoyl-ecgonine, and the corresponding ethyl, 
propyl, and butyl products are now under physiological trial (17). 
It is of great practical interest that homologous alkaloids, prepared 
by successive substitutions of methyl through Hofmann’s reaction, 
are found to exhibit a gradation of physiological intensity quite in 
correspondence with the graded intensity of the homologous alco- 
hols of the paraffin series. 

Whatever we have gained by modern theories of other types of 
structure it still remains true that the nitrogenous bases represent 
the type ammonia. Whatever other types govern the constitution 
of alkaloids in general, they carry central atomsof nitrogen, whose 
valence and whose chemical activities are typified by the nitrogen 
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of this simple volatile alkali. Nevertheless, the type ammonia 
represents only the ‘‘ammonia rest,” a small part of the molecule 
of a natural fixed alkaloid. Unable to reach a clew to the consti- 
tution of the larger part, and therefore without data as to the re- 
lations and valences held by nitrogen, chemists were not able to 
assign rational formule to the oxygenated alkaloids of plants in 
general until within the past ten or fifteen years, during which 
time light has been obtained upon typical structures of the carbon 
and hydrogen of these bases. 

IT. Nitrogenous Bases represented by Aniline. 

Phenylamine or amidobenzene is the type, in its simplest form, 
of compounds made by the substitution of an aromatic radical in 
ammonia. Obtained by distillation from indigo in 1826, from coal- 
tar in 1854, and from benzene by reduction of the nitro-derivative 
in 1841, it was at once recognized by Wurtz and by Hofmann, in 
1850, as a primary amine. Its aromatic constitution, with that of 
benzene itself, came to light in the closed chain theory of Kekulé 
in 1865 (18). The aniline eolor industry, instituted by the inven- 
tions of Perkin in 1856, could not have reached its great and be- 
neficent development without the impulses due to the knowledge, 
first. of the ammonia type in the linking of nitrogen, and second, 
of the closed chain of six positions of carbon.* On the other hand, 
the resources of pure organic chemistry could not have reached 
the wide extent they have attained without the patient and efficient 
investigation of the industrial chemists engaged in the work of 
the world. 

While the aromatic type of structure has furnished artificial ni- 
trogenous bases for innumerable dyestuffs, the inquiry whether 
any considerable number of the alkaloids of plants were aromatic 
compounds or not was for years a perplexing question. Large 
numbers of vegetable alkaloids yield simple aromatic products 
when decomposed. For example, atropine and its related alka- 
loids, when heated or forcibly oxidized, yield benzoic and salicylic 
aldehydes and related bodies. At the same time, research has 
failed to find rational formule for alkaloids wherein nitrogen was 
attached, as it is in aniline, to a benzenoid group—a closed chain 





* In use of the chemical term position the author will be understood to refer, not to arrange- 
ment in space, but to the order of union of atoms with each other. 
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of six carbon positions. It was not until the discovery of the pyr- 
idine and quinoline type in the alkaloids—a type of aromatic 
structure holding five positions of carbon and one of nitrogen with- 
in the closed chain—nitrogen in a position central to the molecule 
—that it could be understood in what way the natural alkoloids, 
yielding aromatic decomposition products, were themselves of 
aromatic composition. 

Before taking up the consideration of the pyridine type of basis, 
it may be said that the complete benzenoid group, so extensively 
found in vegetable acids, has been very little found in vegetable 
bases. In narcotine and narceine, the benzenoid group is found 
with four hydrogen atoms replaced, but not at all replaced by 
nitrogen. The nitrogen of the compound is not directly linked to 
the complete benzenoid group. 

III. The Pyridine Type in the Vegetable Alkaloids. 

The aromatic constitution of pyridine and quinoline was appre- 
hended in 1870 (19). In this constitution, pyridine differs from 
benzene oniy in the substitution of one trivalent N, for the triva- 
lent group CIL; and quinoline differs from naphthalene only in 
the substitution, in the same way, of one N for one CH. As consti- 
tuted in closed chains of six positions, pyridine and quinoline are 
wromatic compounds, but of a type radically different from that of 
complete benzenoid bodies conjugated with nitrogen, like aniline 
or azobenzene. ‘The pyridine molecule, C,H, N, violates the first 
condition of benzenoid compounds, namely, that the six primary 
positions of the molecule, C,H,, are all equal to each other. Here 
we have nitrogen interlinked in the closed chain in the position of 
central influence. The great numbers of compounds which have 
been found in nature and formed by art, upon the pyridine type, 
during the last sixteen years, give evidence that this type is an 
essential effect of the chemism of nitrogen as much as the benzene 
type is an effect of the chemism of carbon. The fact that only 
one atom of nitrogen is found to enter the closed chain of six posi- 
tions renders it not unlikely that the nitrogen atom is directly 
united to more than two atoms of carbon in the ring. That the 
nitrogen is united to three atoms, Riedel and others (20) sometime 
since concluded on experimental grounds. 

That the vegetable alkaloids containing oxygen are tertiary 
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amines, or ammonium compounds, so that they do not contain hy- 
drogen directly united to their nitrogen—and so that all the hydro- 
gen of the typical ammonia is replaced—was announced by Hof- 
mann, in 1851, and has always been assented to. With this view, 
the theory of the pyridine type quite accords. Pyridine and quin- 
oline are actually tertiary amines, and their derivatives retain the 
exclusion of hydrogen from the first three valences of nitrogen, 
those which represent hydrogen of ammonia. 

In their isomerisms and in their deportment, pyridine and quin- 
oline resemble benzene and naphthalene, their simpler aromatic 
types. By the facility of substitution of methyl and other radi- 
cals for their hydrogen, they yield homologous series ; by oxidation 
of the alcohol radicals, carboxylic acids are obtained ; and by re- 
duction of the acids, the original compounds are restored. In a 
very important quality, however, pyridine differs from benzene in 
deportment, that the former gives much more stable addition pro- 
ducts with hydrogen than can be obtained from the latter. Two, 
four, or six atoms of hydrogen are united. Hexahydro-pyridine is 
the alkaloid piperidine. Piperidine in union with piperic acid 
constitutes the piperine of black pepper, the latter being, therefore, 
a saponifiable alkaloid. The pyridine from which is derived tro- 
pine, the central group in solanaceous alkaloids, is tetrahydrated, 
and the typical quinoline in the cinchona alkaloids is tetrahydrated. 
The stability of these addition products renders possible the great 
complexity of natural derivatives of pyridine. And in this capac- 
ity for larger combinations we have proof, again, that the eheimism 
of nitrogen introduces distinct character into the pyridine deriva- 
tives. 

Pyridine was obtained from bone oii in 1850 (21), from coal tar 
in 1855 (22), by synthesis from an azo compound in 1865 (23), 
and may be prepared from various alkaloids by distilling them with 
alkali. A pungent liquid, miscible with water, boiling at 116.7° C., 
its appearance scarcely commends its claim to be the chemical 
protoplasm of the alkaloids of plants. Quinoline was obtained 
from quinine and from strychnine in distilling with alkali by Ger- 
hardt, in 1842 (24), from the latter distillates of coal tar as finally 
confirmed by Hoogewerff in 1883, from bone oil, along with pyri- 
dine, and by synthesis in several ways, best from nitro-benzene 
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with aniline and glycerineas done by Skraupin1881. Asa liquid 
it corresponds in appearance as it does in composition to pyri- 
dine, being heavier and less volatile. It is easily oxidized to pyr- 
idine dicarbonic acid, as naphthalene is to phthalic acid,—as by 
the cutting away of one of a pair of joined hexagons. When 
manufactured from cinchoninequinoline it is accompanied by lepi- 
dine*, as prepared from nitrobenzene it is liable to retain the latter 
aus an impurity. It is indemand for color manufacture and for 
introduction to medicinal uses. Pyridine is still prepared from 
bone oil, but should much demand arise for it more favorable 
sources would doubtless be found. 

About eight years ago the researches of many chemists reached 
the discovery of the pyridine type of constitution in several groups 
of the vegetable alkaloids. In some instances, as in the chief 
cinchona alkaloids, results have established a rational aromatic for- 
mula for the entire base as it exists in nature. In other instances, 
the pyridine type has been revealed, not at first in the natural al- 
kaloid as a whole, but in an alkaloid previously found to lie within 
the alkaloid of nature, and obtained therefrom by reactions fairly 
denoted as those of saponification. And before bringing up ex- 
amples of the pyridine and quinoline types of constitution, it is 
necessary to summarize the «principal saponifiable alkaloids with 
the products into which they split up. 

The sapoutfication of alkaloids, as accomplished in the iast 
thirty years, corresponds, in its delightful simplification of com- 
plex compounds, to the saponification of fats achieved over fifty 
years ago,—with this striking difference, that the chief or repre- 
sentative product of the saponification of an alkaloid is another 
alkaloid while the more elaborate product of the saponification of 
a fat is usually an acid. Indeed, in case of an alkaloid, its saponi- 
fication may be defined as the remoyal of an acid or other radical, 
by replacing it with hydrogen. And the saponification of alkaloids 
does net fulfill the accepted definition of chemical saponification, 
in that its resulting base in most cases does not appear in classifi- 
cation as an alcohol, nor is the subject of the decomposition classed 


*For the manufacture of cyanine, the lepidine is necessary, pure quinoline not yielding this 
bine coloring matter in treatment with amy! iodide and alkalies (HOOGEWERFF and VAN Dorp, 
1882). e 
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us an ester. The saponification of alkaloids is instituted by ac- 
tion of an alkali then left in union with the resulting acid, or by 
an acid then left in union with the obtained new alkaloid, or by 
d gestion with only water, which of course is always taken up. 
The following are representative instances of the saponifications 
of alkaloids: 

Atropine with water yields tropine and tropic acid (25). 

C,,H,,NO, T H,O=C,H,,NO+C,H,,0, 

Aconitine with water yields acontne and benzoic acid (26). 
C33Hy,NO,. u H,O=C,,H;,NO, 1 +C,H,0, 

Cocaine with water yields bed zoyl-ecgonine and methyl alcohol. 
C,,H,,NO,+H,O=C,,+,,N0,+CH,0 (27). 

Benzoyl-ecgonine with water yields ecgonine and benzoic acid. 
C,,H, NO,+H,0O=C,H,,NO,+C,H,0, 

Narcotine with water yields hydrocotarnine and meconine (28). 
CyeHl,,NO,4 H,O=C,,HisNO;+C,,H,,0, 

Ceradine with water yields cevine and methylcrotonie acid (29). 
Cy2H,,NO, T H,O=C,,H,,NO,+C,H,0, 

Veratrine with water yields verine and veratric acid (29). 
C,,H,,NO,,+H,O=C,,H,,NO,+C,H, 0, 

Piperine with water yields piperidine and piperic acid (30). 
C,,H,,NO,+H,O=C,H,,N,+0,.H;.%%, 

Each reaction of saponification here cited is limited to the sin- 
gle step taken in the appropriation of one molecule of water.* In 
the case of cocaine, a second saponification directly follows the 
first, and treatment may yield together the products of both reac- 
tions. 

After Chevreul effected the saponification of ordinary fats, it 
was a long time before the reverse change was obtained in the syn- 
thesis of fats from fatty acids and glycerine. But not so long an 
interval interposed between the analytic and the synthetic results 
represented by the saponification of some of the alkaloids. The 
construction of atropine by union of its saponification products 
was brought about by Ladenburg in 1879 (31). The like synthe- 
sis of cocaine was obtained by Skraup, and by W. Merck, in 1885 


(32). 


*According to Wright. japaconitine, with three molecules of water, yields two molecules 
each of japaconine and benzoic acid. 
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The liability of alkaloids to saponification is a property that 
closely concerns the treatment they receive in manufacture and in 


pharmacy, and gives explanation of numerous perplexities in prac- 
tical operations. These very perplexities have sometimes been 
assumed to show that results promised by theory fail to appear in 
practice,—a failure that finds remedy in this case, as in many 
others, by a more liberal use of just the theoretical knowledge 
complained of. At all events, the operations of pharmacy have 
been the source of unnumbered contributions to the pure chemis- 
try of the alkaloids, and this indebtedness of science pays honor 
to faithful investigations, represented in a rich and extensive body 
of pharmaceutical literature. 

Returning to our inquiry into the discovery of the pyridine type 
of aromatic composition in the alkaloids, we find the last three 
years to have been a period of great attainment. It may be placed 
first that tropine, the common base of the entire atropine group of 
alkaloids, the midriatic alkaloids of the solanacee, is itself a de- 
rivative of pyridine. This was experimentally established in 
Iss4 and 1885, by Ladenburg (33), Hofmann, Hantzsch, and K6- 
nigs. In 1882 Ladenburg had termed tropine ‘a nitrogenous al- 
cohol of which the tropines are the ethereal derivatives.” But 
after a succession. of reports on the nature of tropine, beginning 
in 1ss1, Ladenburg has presented evidence, fully confirmed by 
others just named, that tropine is directly derived from pyridine. 
Starting with tetrahydro-pyridine, the introduction of an ethylene- 
hydroxyl and a methyl, in place of two atoms of hydrogen, forms 
tropine : C,H, (C,H,OH) N (CH,). 

Piperdine, the decomposition product of the alkaloid of black 
pepper, was shown by Hofmann, in 1879 (34), and by Ladenburg 
and Roth in 1884, to be a hexahydro-pyridine, Nicotine, the vol- 
atile alkaloid of tobacco, is a dihydro-dipyridine, as claimed in 
Lss0 by Wischnegradsky (35). Conine, early classed as a second- 
ary amine, is ascertained to be a propyl-piperidine (36). 

The alkaloids of cinchona barks, though counting over twenty- 
tive in number, are certainly represented in their constitution by 
cinchonine, of which quinine is the oxymethyl derivative. 

In 1881, Wischnegradsky deduced from his results that cincho- 
nine contains both a quinoline and a pyridine group, but accumu- 
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lating proofs since render it strongly probable, if not certain, that 
cinchonine isa quite simple di-quinoline derivative (37). Start- 
ing with quinoline, then tetrahydrated, two molecules unite by 
dropping a hydrogen from each, when oxymethyl is made to re- 
place one hydrogen for cinchonine, or two hydrogens for quinine.* 
*CoHyoN.CgHgN.(O.CHs), cinchonine. 
CyH,oN.CygHgN.(O.CHg)9. quinine. 

This is by no means an acconnt of the pyridine type as known 
in all the alkaloids. Strychnine and brucine are the subjects of 
especial activity and it is clear that they are pyridine compounds, 
as are also the alkaloids of opium. 

The evidence seems to be, at present, very strong, that, in gen- 
eral terms, the vegetable alkaloids are hydrogenized pyridine de- 
rivatives. Under the belief that any useful understanding of the 
structure of these bodies must be based upon a full experimental 
acquaintance with the pyridine and quinoline series, there is great 
activity in the study of the typical compounds. For some time, 
now, researches have been undertaken to find the positions of 
groups introduced into these bodies (38). On the success of these 
studies of chemical position, the chemistry of the natural alkaloids 
will in the future necessarily depend. Until the isomerisms due 
to position are under control, there can be no distinction estab- 
lished between, for example, numbers of compounds, each having 
the same constituent groups represented in the present formula 
for quinine, or in that for atropine. Also the present acquaint- 
ance with plant bases, accumulated in the progress of analytical 
chemistry, has still to be advanced, as a foundation for studies of 
chemical structure. 

General methods of synthesis of pyridine derivatives have been 
sought at many hands. The reaction of Hofmann, beginning with 
alkyl iodide addition products, on subsequent exposure to a high 
temperature in sealed tubes, results in the substitution of radicals 
in pyridine compounds. The production of the hydrogen addi- 
tion compounds, as piperidine, is effected only by the strongest of 
reducing agents, such as metallic sodium applied in alcholic solu- 
tion (39). This affords another illustration, that the most violent 
reducing agencies of the laboratory are required to accomplish 
changes constantly carried on by the silent forces of plants. 
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At the present time, there appears a degree of encouragement, 
that the synthetic manufacturer of the alkaloids, hitherto obtained 
from plants, will sometime become realized as an industry. Not 
from the chance efforts of ignorant dreamers, nor from any prema- 
ture short cuts of special attempt, but, if at all, from the well- 
earned progress of the science of the world will these results be 
accom plished. 

A large amount of well directed chemical investigation in the 
service of manufacturing interests is devoted to reasonable ques- 
tions of new production of alkaloids—including the conversion of 
those more abundant into those more valuable. Artificial alka- 
loids of a composition allied to natural ones are being constantly 
put upon trial as respects their usefulness in medicine and the arts. 
The periodicals of pharmacy and medicine are thickly strewn with 
records of the physiological power of new alkaloids, especially of 
quinoline derivatives of many forms, ‘‘ Kairines E. to Q.,” ** thal- 
lines,”’ and ‘‘antipyrines,” ethyl morphine, and methyl and ethyl 
strychnine. It should not surprise us, if, at any time, artificial 
alkaloids should assume a commercial importance rivalling that of 
articles already brought into general use, such as carbolic and sal- 
ievlic acids. 

IV. New Azo and Diazo Bases. 

It was said that the nitrogen of organic bases in general, whether 
of the pyridine type or otherwise, still conforms to the type of am- 
monia, preserving the valence and the character so well known in 
ammoniacal compounds. ‘T’o this statement perhaps an exception 
should be made, as it does not apply to the diazo compounds. 
However, the diazo compounds are not distinctly bases, but act 
both as bases and as acids. The azo compounds, acting alone, are 
scarcely bases at all, but in conjugation as azo-amido compounds 
they unite with acids to form salts, and such salts owe much of 
their character to their azo-nitrogen. The nitrogen of the class of 
azo and diazo compounds in general is nitrogen acting in a way 
intermediate between that of the basal nitrogen of the ammonia 
type and acidulous nitrogen of organic nitro-acids. And so far 
as they represent bases, the diazo and azo types of structure must 
be taken into account in a survey of the base-forming activities of 


nitrogen. 
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The diazo compounds were produced (40) shortly before the date 
of Kekulé’s lucid theory of aromatic chemistry ; the azo compounds 
were obtained (41) much earlier, but both classes of substances 
were seen through definite rational formule after 1865 (42). The 
diazo group contains two atoms of nitrogen so interlinked that the 
group serves, with a valence of only two, to connect the benzene 
group on one side with an acid or metallic radical on the other 
side. Diazo compounds are very frail, readily breaking up with 
explosive violence, due to the liberation of free nitrogen. The azo 
compounds, less instable, have the same bivalent group of two ni- 
trogen atoms, here interposed between two benzene rings. What- 
ever be the truth as to the valences of nitrogen in the diazo group 
it is impossible to avoid thinking that the two atoms are united to 
each other by two units of valence of each : (— N=N —). This 
structure, at all events, is wholly unlike that of the ammonia type, 
but bears some resemblance to that of isocyanogen. 

Almost innumerable color compounds of the azo and diazo for- 
mation have been manufactured from coal tar materials, but not 
until now (to the writer’s knowledge) has the azo type been dis- 
covered in immediate relation to natural organic products. 

This year Dr. V.C. Vaughn, from further work upon the album- 
inoid decomposition product tyrotoxicon (43), has announced the 
identity of this body with diazobenzene (44), and says, ** We 
think it highly probable that diazobenzene or some closely llied 
substance will be found in all those foods, which from putrefactive 
changes produce nausea, etc.” The same author gives his con- 
viction that diazobenzene, and possibly allied bodies, are ‘* transi- 
tion products of putrefaction.” 

The study of albuminoid constitution has scarcely been entered 
upon as yet with advantage, and the relations of albuminoid nitro- 
gen may yet add new chapters of the highest interest in the history 
of this element. It has been deemed highly probable on certain 
experimental data, that albuminous substances, like alkaloids, are 
built up through the transition of the pyridine compounds. On 
evidence just cited it may appear that the same bodies are broken 
down through the transition of the diazo compounds. Whatever 
may be in reserve for future chemistry, to come from the study of 
the proteids of food, its importance is sure to belong, in greater 


part, to the chemistry of nitrogen. 








142 CHEMISTRY OF NITROGEN. 


In the brief and inadequate review now concluded, an early men- 
tion was made of those first two steps that counted so much then 
for progress, the making of methylamine by Wurtz, and the proof 
of primary and secondary amines by Hofmann. Of these workers, 
the one died only three years ago, and the other is living as an 
active promoter of science. The advances made in the lifetime of 
these men bring a deep sense of gratitude to the heart of every 
chemist. We pay honor to them for the good works they in their 
days have done, and we have been grateful, with them, for the rich 
and beneficient fruits they in their lives have seen. 
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THE ORIGIN AND HISTORY OF THE EPIDEMIC OF 
TYPHOID FEVER AT MT. HOLLY, N. J., DURING 
THE MONTHS OF JUNE, JULY AND AUGUST, 1887. 

By Dr. ALtBerT R. LEEDS. 

Mt. Holly is supplied with water from Rancocas Creek. The 
water isnot taken directly from the creek, but from a mill-race, 
as shown in the accompanying map. When the mill runs, water 
flows through this race; but when, after the day’s work is over, 
the mill stops, the flow is interrupted also. The crib of the 
pumping-station is located in an angle or cw/ de sac of this race, 
so as to stand outside of the current. 

From the crib two iron conduits, one of ten inches and the 
other of twelve inches diameter, and 350 feet in length, with a fall 
of four inches in this distance, connect with the pump-well. The 
well is four and a half by eight feet, and four feet indepth. It is 
not separated from the crib by any arrangement of filters or screens. 

Prior to the time of my visit of inspection, but several weeks 
after the epidemic began, the mud which had accumulated at the 
bottom of the crib and pump-well was removed, and the crib was 
buiit out a distance of ten feet, so as to project its open end into 
the current. The sides were closed in and the open end covered 
with a grating having a three-eighths inch mesh. 

Upon the 6th of June, Dr. Ezra Hunt, the Secretary of the State 
Board of Health, in company with Dr. R. Parsons, visited the 
village of Smithville, which is located on Rancocas Creek, about 
three miles above the crib of the pumping-station at Mt. Holly, 
and found that there had been several cases of typhoid fever. 
The most important of these occurred in a large boarding-house 
located not more than one hundred feet from the side of the creek, 
and emptying therein by three drains. Early in May there had 
been two men ill with typhoid fever, who subsequently recovered, 
and at the timeof Dr. Hunt’s visit Mrs. A. L. was convalescent of 
the same disease. The dejecta of all three had passed without 
disinfection, directly through the drains into the creek. 

In addition to these drains, the cesspools are located on the 
sloping grounds of the village, and their contents eventually 
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Dr. Brown, the sani- 
tary inspector of the township, reported that these cesspools had 


been disinfected with copperas and chloride of lime in the latter 
part of May, and the origin of the epidemic is more directly trace- 
able to the discharges from the drains above alluded to. 

From the 20th to the 27th of May there were heavy rains, and 

the epidemic broke out shortly afterward in Mt. Holly. 

As will be seen by the accompanying map, the water was 
not pumped first through the ascending main into the reservoir, 
but at the time of the epidemic much of it passed directly in- 

H to the distributing system. 


on Pine street. 


The most striking collection of cases (indicated on the map by 
x) were those at contiguous houses supplied from a ‘‘dead-end 
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At the time of my second visit to Mt. Holly, July 23d, Drs. Par- 


sons, Parry, Barrington, Brown, and Melcher gave me the follow- 
ing list and details of cases up to that time 
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On Pine street, Case L. P. began June 20th; still very ill. 
W. W. began June 25th ; disease still progressing. Cases D. 5. 
and M. G.; the last, however, being properly gastro-enteritis. 





On Ridgway street there was another dead-end connected with a 
school. Four boys attending this school, though living in differ- 
ent parts of the town, were attacked with typhoid about the 2d 
of June, of whom one died. 

On Mill street there had been four cases, beginning from the 2d 
to the 5th of June, of which one proved fatal, on the 20th of June, 
and the others had recovered or were convalescent. 

On Washington street, M. C., after an illness of two and a half 
weeks, had died of typhoid. On Main street, L. H. was attacked 
June 18th and died July 10th. On Church street, L. D. was at- 
tacked June 6th. The record also includes other cases, beginning 
from the Ist to the 18th of June. 

I am also in receipt of a number of valuable communications 
from Drs. Parry, Parsons, and Barrington, from which I shall take { 
the liberty to quote. 

Dr. Parry writes, July 20th: ‘I would call your attention to the 
part of the creek where the water was taken from, a sort of ¢v/ 
sac, where the water never has a running current on the side or 
near the edge where the box is. It is virtually standing water 
while the mill is not running below, and hence a place where the 





sediment from up the stream must settle. Add to this much } 
mud in the crib and pump-well, a dirty reservoir to pump into. 
and polluted water, as this was shown to be, and we find it fol- 
lowed by the following cases, occurring about seven to nine days 
after a rain had commenced. . . . . AIl of these cases have 
taken more or less hydrant water, some using it entirely, some at 





the places of work, and some occasionally. ‘I'wo-thirds of these } 
cases have occurred, I think, from the 30th of May to the 10th of i 
June. . . . . %In many cases there has been a very rapid 
pulse, with comparatively low temperature, some lower even than 





the above record. But in one case that proved fatal, the axillary 
temperature attained 106°, and registered above 104° daily fora i 
week preceding her death, with pulse from 130 to 140 during the ; 
same time. . . . . We have had, occurring at the same 
time as cases quoted, children afflicted with gastro-intestinal fever, 














Se ge 


Fae 


~ 





EPIDEMIC OF TYPHOID FEVER AT MT. HOLLY, N. J. 149 


not typhoid, but temperature, pulse, and duration of the disease 
the same as well-marked typhoid cases, with many cases of mild 
-ontinued fever, and have had no malarial trouble in surrounding 
malarial districts, and these cases were not controlled by quinine, 
but all have had much gastric trouble, vomiting, ete. 

We have had in the last week or two, in addition to a few cases of 
typhoid fever, a dysenteric trouble with, in some instances, violent 
gastric disturbance.” 

Under the same date, July 20th, Dr. Parsons writes: ‘‘I have 
had under my care three cases of typhoid fever. . These cases had 
the rose-colored spots, bleeding from the bowels and nose, and 
more or less stupor; temperature 102° to 104°, with a morning 
and evening variation of about 1°. Two of the cases used water 
supplied from the creek by the water company, the other used 
well water only when at home. I have also seen about twelve 
cases of fever which were remittent, but differing somewhat from 
the usual form by having some typhoid symptoms, and quinine 
seems to make no impression on them. ‘This outbreak of fever 
occurred in various parts of the town almost simultaneously.” 


’ 
+ 


On the 23d of July I visited, in company with Dr. R. E. Bar- 
rington, the case L. P., and found it presented the well-known 
characters of typhoid fever. I took some of the greenish stools, 
and made some of the primary, secondary, and tertiary gelatine. 
peptone cultures from them. The predominant form was a nearly 
straight bacillus 0.006 of a millimetre in length, and 0.0002 of a 
millimetre in breadth, which in the third culture was obtained in 
a pure condition. The stools contained an innumerable quantity 
of these bacilli. 

Although the data above narrated rendered the fact of this epi- 
demic in Mt. Holly being rightly attributable to typhoid well nigh 
certain, yet I did not feel satisfied without the confirmatory evi- 
dence from autopsy. At my request, Drs. Parsons and Barring- 
ton kindly performed an autopsy, and under date of Aug. 8, the 
former writes: ‘* You will receive by mail a section of the small 
intestine, and some fecal matter, taken from a patient six and a 
half years old. I made a post-mortem examination of this case on 
Saturday, August 6th. While the patient was very young, he had 
all the symptoms of typhoid, excepting the ‘‘ spots,” and died 
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rather suddenly from intestinal hemorrhage. On examination, | 
found the ileum ulcerated in about a dozen places. This being 
the only autopsy during the epidemic, it establishes the fact that 
some of the cases are ¢rve typhoid.” 

Under date of August 15th, Dr. Parsons again writes: ** The 
case from which the specimen was taken that I sent to you, was 
a child six and a half years old. He had continuous high tem- 
perature that varied from 102° to 104°, some slight diarrhea 
occasionally, but no other abdominal symptoms, no delirium, very 
slight stupor, no epistaxis, loss of strength not marked. He im- 
proved very rapidly a few days before his death, so much so that 
the nurse moved him into another room. This brought on hem- 
orrhage of the bowels from which he died in about eighteen hours, 
after a sickness of three weeks.” 

** At the autopsy I found in the lower part of the small intestine 
about twelve or fifteen ulcers, varying in size from a pin head to 
one inch in length. Thisulcer had nearly perforated the intestine. 
There were several blood-clots and some fecal matter in the bowels.” 

I was deeply interested to discover what additional evidence of 
typhoid fever would be obtained by microscopic study of the ma- 
terial submitted by Drs. Parsons and Barrington. My attention 
was particularly directed to the sides of one of these typhoid ulcers 
in the small intestine, and after removing small portions of the 
adherent matter, I made a number of stainings with methyl violet. 
They all yielded me great numbers of micrococci, the micrococcus 
being mostly single, but many in short chains. According to 
Eberth, a certain bacillus with rounded ends is peculiar to typhoid, 
and Koch is of the same opinion, regarding this bacillus of Eberth 
as being the only one which has a specific relation to the disease. 
I find it likewise stated that when these bacilli of Eberth are pres- 
ent in great numbers they have the appearance of masses of micro- 
cocci, but when isolated from these masses they are recognized as 
short thick rods having rounded ends. Unfortunately, having no 
authentic specimen of Eberth’s bacillus with which to compare 
my slides, | am unable to state whether or no what I took to be 
micrococci, were really Eberth’s bacillus. They possessed one 
property which is the same as that of Eberth’s bacillus, in that they 
were not so deeply stained by methyl violet as another bacillus 
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present in the superficial layers of the intestine and in the fecal mat- 
ter. This bacillus was a long, straight, thin rod which stained 
deeply, and which I took to be the bacillus typhosus of Klebs. 

Having established by clinical and pathological evidence the fact 
that the disease in Mt. Holly was typhoid fever, it becomes of 
great interest to ascertain the character of the water which, what- 
ever might have been the other surroundings of the typhoid cases, 
was the one food they took in common. 

It would have been of great importance to take the samples of 
water during the period when the typhoid was incubating, say at 
the time when Drs. Hunt and Parsons visited Smithville on the 
6th of June. But the opportunity of discovering whether the 
specific bacillus, which was found in the intestine of the typhoid 
cases, was also present in the water supply during the period of in- 
cubation was lost. 

The samples which I collected were taken on the 9th of July, at 
the time when much typhoid was prevailing in Mt. Holly, but 
probably subsequent to the inception of the disease in most or all 
of these typhoid cases. 

I have made both chemical and biological analyses of the sam- 
ples collected, the water on which the latter tests were made being 
obtained in sterilized flasks. Sample J. was from the Rancocas 
Creek, above the village of Smithville, some 200 yards above the 
point where the three drains from the large boarding house entered. 
Sample II. was from the water as it entered the crib of the pump- 
ing station at Mt. Holly. Between the two points on both sides of 
the creek are three miles of meadow and marsh lands, the soakage 
of which enters the stream. Both samples were dark yellow (No. 
5 on my scale of water colors), of peaty taste and smell, and the 
Sample II. was turbid with a great quantity of floating filaments 
of decayed vegetation. They contained : 


1.—Above Smithville. 


Parts per Grains per 

100,000. Gallon. 
Free ammonia : : : - - ; ; r 0.002 0.0012. 
Albuminoid ammonia . ‘ : ; ; ‘ ? 0.015 0.0087. 
Oxygen required to oxidize organic matters , : 1.27 0.70. 
Chlorine ‘ : ; ? ‘ pi 5 : ‘ 0.45 0.26. 
Hardness , : : ; : ; ‘ , : 3.10 1.80. 
Total solids. ‘ . : , ‘ P ; ; 6.30 3.67. 
Mineral Matters. : : , , ‘ ‘ ; 3.30 1.92. 
Organic and volatile matters é : ‘ p 3.00 1.75. 
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L1.—Pumping Station at Mt. Holly. 


Parts per Grains per 

100,000. Gallon. 
Free ammonia - ‘ ‘ ; - . ; ‘ 0.006 0.0035. 
Albuminoid ammonia . ‘ : ‘ ‘ ‘ . 0.0155 0.009. 
Oxygen required to oxydize organic matters. : 1.10 0.64. 
Chlorine ; : : : : : ‘ 2 : 0.55 0.32. 
Hardness : , ; : ‘ : ‘ R ’ 2.20 1.80. 
Total solids . ‘ ‘ : ; . ; : ‘ 6.20 3.60. 
Mineral matters. ‘ : : ‘ ‘ ; ; 3.30 1.92. 
Organic and volatile matters ‘ : é ‘ ‘ 2.90 1.68, 


CHEMICAL DATA. 


These data are conclusive as to the polution of the creek waters 
by sewage at points below where sample No. I. was taken, which 
was wbove Smithville. It should be borne in mind that the analy- 
ses were both made on the waters after they had been allowed to 
stand until the suspended matters had settled, and the clear water 
pipetted off. The sample from above Smithville deposited very 
little, that from Ht. Holly much floating matter, this matter being 
evidently of vegetable origin. The clear waters thus obtained 
were both of the same deep tint of yellow color. Now it is very 
important to note that the gross amount of organic matters in 
sample I. was greater than in II. Moreover, the amount of oxygen 
required to oxidize the organic matters, and therefore the organic 
matters themselves, was greater in the Smithville than in the Mt. 
Holly sample. But that portion of the organic matters which was 
nitrogenous, was greater in the sample from Mt. Holly, the free 
ammonia and the albuminoid ammonia both being in excess. The 
free ammonia was three times more in the samples from the pump- 
ing-station. This fact, taken in connection with the correspond- 
ing increase in the amount of chlorine, is conclusive as to the en- 
trance of sewage into the creek at or below Smithville. 

Whenever the amount of peaty matter in solution is great, 
the amount of oxygen required to effect its oxidation is corres- 
pondingly high. This peaty matter is oxidized by contact 
with light and air both in reservoirs and in flowing streams, 
so that a stream which at its origin in cedar swamps is dark yellow 
in color, becomes nearly or quite colorless after flowing a number 
of miles. I do not think there is any ground for connecting the 
typhoid epidemic with this large amount of extractive peaty mat- 
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ter in the water supply. It was always present, and I have no 
reason for supposing there was any more in solution this June and 
July than at previous seasons. In fact the citizens of a town using 
cedar-swamp colored water ordinarily become advocates both of its 
taste and qualities. They are habituated to it, and it does not 
originate in them disorders of the stomach and bowels. When 
strangers come to the town, who are not accustomed to drink- 
ing water containing peaty matters in solution, and who do exper- 
ience intestinal derangements attended with more or less diarrhoa, 
the citizens of the town are puzzled and indignant that these 
ailments should be connected with what to them is an entirely 
wholesome and satisfactory quality of water. 

But what I desire to insist upon here is, that the typhoid epi- 
demic was not due to the peaty vegetable matter, but to the animal 
matter in the nature of sewage which found its way into the stream 
and whose presence was made evident by the chemical data. 
Fortunately we are not shut up to the consideration of these chem- 
ical data only in the present instance, but I am able to adduce also 
the results of the biological analyses, affording, as they do, over- 
whelming evidence of the fact of contamination by decomposable 
putrescent animal matters. 


BIOLOGICAL DATA. 


I prepared gelatine-peptone cultures of samples I. and II., or 
rather those portions of these samples which were collected at the 
same time, but in sterilized flasks. 

A. The plate culture of the Smithville sample yielded per cubic 
centimetre 50 colonies of bacteria. 

B. The plate culture of the sample from the pumping station 
yielded 8100 colonies of bactert”. 

Another plate culture was made by dipping a sterilized plati- 
num wire in culture A and streaking with it a plate flowed with 
sterilized gelatine peptone. This streaked plate yielded 15 colo- 
nies, allof which proved to be Bacterium lineola excepting one, 
which was Bacterium termo. 

Another plate was similarly prepared from culture B. It 
yielded many colonies, which, on examination, proved to consist of 
sacterium lineola. 
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Now it will be noted that I did not find in any of these cultures 
the bacillus of Eberth, or the bacillus of Klebs, or the micrococci 
of Chantemesse and Widal, which have been held by competent 
bacteriologists to be the specific pathogenic micro organisms of 
typhoid infection. What I did find were two verycommon species 
of the bacteria, which flourish vigorously wherever putrefaction is 
going on. ‘They are the so-called sewvenger bacteria, whose benef- 
icent function in the economy of nature is to prey upon the 
putrescent matter. They are the sharks of the biological king- 
dom, ‘They live upon offal and sewage, and by transferring oxy- 
gen tosuch sewage through the medium of their vital processes, they 
break up and destroy noxious matter and convert it into simpler 
and innocuous substances. 

Of these scavenger bacteria there were 160 times more in the 
sample at the pumping station than in that from above Smithville, 
and I know of no other explanation of this fact than the presence 
of the sewage inthe Mt. Holly sample, upon which they could feed 
and multiply. 

EFFECT OF PRECIPITATION. 


In connection with these bacteria I made the following novel 
experiment, and obtained ‘therefrom a surprising result, and one 
of much sanitary importance. The practice of adding a minute 
quantity of alum to water in order to clarify it, is an old and very 
familiar one. But while it is successful in carrying down the dirt 
and coloring matters, I did not know what influence it would ex- 
ert upon the bacteria. I therefore added alum, in the proportion 
of half a grain to the gallon, to the sample taken at the pumping 
station. On standing, the peaty matter was entirely precipitated 
in reddish-yellow flakes, and the water above became perfectly 
colorless and clear. On pipetting off some of this supernatant 
water, I found that instead of containing 8100 colonies of bacteria 
per cubic centimetre, as it did before precipitation with alum, it 
contained only 80 colonies. They were all the Bacterium lineola. 

On filtering some of this supernatant water througha double thick- 
ness of sterilized filter paper intoa sterilized tube, I found no bacteria 
in thefiltered water. Inother words, the water had been rendered by 
the addition ofanamount of alum so minute as to be inappreciable to 
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taste and almost to chemical tests, as sterile as if it had been sub- 
ject to prolonged boiling. I need not enlarge upon this demonstra- 
tion, which, so far as Iam aware, has not been hitherto made, of 
the possibility of completely removing all microbes from potable 
waters by the use of very minute amounts of alum followed by fil- 
tration. In case there is no organic matter in the nature of peat 
with which the alumina may unite, and, acting like a mordant in 
the operation of dyeing, may be precipitated as a lake, the alumina 
alone may be precipitated by the addition of lime or soda to 
alkaline reaction, and so carry down the bacteria. Or, in such 
case, 2 minute amount of soluble iron salt like ferric chloride may 
be first added, and then after precipitation with soda or lime, re- 
moved together with the bacteria by filtration. 


RECOMMENDATIONS. 


The above results, and those obtained by personal inspection of 
the surroundings of Mt. Holly, suggest three modes of obviating 
the danger of similar epidemics in the future. 

I. Finding some point upon Rancocas Creek demonstrably free 
from sewage contamination. At present I know of none. 

Il. Finding a water bearing stratum in the vicinity from which, 
by means of driven wells, an ample supply of pure soft water, 
which has been submitted to a natural process of filtration, can be 
obtained. This may be the most economical method, and some 
test-wells could readily determine. 

III. Previous purification of the water by means of aération 
under pressure followed by filtration. In addition to the purifica- 
tion effected by oxidation, a minute amount of alum might be em- 
ployed, but it is probable that this would not be necessary. By 
laboratory tests I have already determined. that this particular 
water could thus be rendered pure, colorless, and palatable to all 
persons. ‘The results of these tests are also in accord with the 
practical operation of purification and aération plants already es- 
tablished to treat, on a large scale, water supplies of similar char- 
acter as that of Mt. Holly. 
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STANDARDIZING HYDROMETERS 
By Pror. W. P. Mason. 


Some time since I prepared standard instruments, arranged for 
liquids lighter than water, for one of our large corporations. The 
hvdrometers were constructed by Chas. J. Tagliabue; the stems 
left unmarked and the tops open. 

Each instrument (there were four in a set) had a capacity of but 
20° Baumé; the four thus covering the scale from 10° to 90° B. 

Upon each stem I determined three points, upper, middle and 
lower, and fixed thereon the permanent paper markings. In ob- 
taining these points I employed Clarke’s method, weighting the 
instrument internally and using waterat 60° F. as the floating liquid. 
The papers having been placed and fastened the added weights 
were removed and the stems were then closed before the blowpipe. 

Asa check, the closed hydrometers were next floated in pre- 
pared liquid (oils generally) at 60° F., of specific gravities exactly 
equal to the indications on the paper markings, and the points 
where the liquids cut the stems noted by slight file scratches. 

What isparticularly worthy of attention is the lack of uniformity 
in the readings as determined by the two methods. 

Greater care could not have been exercised than was given dur- 
ing the entire work, and I am forced to ascribe the variations in 
reading (not far from +45 of a degree) to differences of surface at- 
traction in the several liquids. Such differences would naturally 
result in the mounting of liquids to unequal heights up the stem 
of the hydrometer ; and, moreover, even granting that the volume 
of liquid mounting the stem were constant, yet the varying spe- 
cific gravity thereof would always enter as a disturbing factor of 
the total weight of the instrument. 

From my work in this matter I am convinced that hydrometers 
should be standardized by floating in water alone, according to 
Clarke’s method ; and I would further add that I believe a degree 
of delicacy is often demanded of them beyond what their capabili- 
ties can bear. 

RENSSELAER POLYTECHNIC INSTITUTE, 


Troy, N. Y., Aug. 8th, 1887. 
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Abstracts of American Patents Relating to Chemistry. 


(From the Official Bulletin of the U. S. Putent Office.) 


June 21st, 1887. 


365,120.—Centrifugal apparatus for testing milk. G. de Laval. 
365.294.— Apparatus for manufacturing gas. B. Brazelle. 

365.318.—Process of and apparatus for treating barium sulphate. W. 
M. Page and E. B. Krausse. 


June 28th, 1887. 


365.409.— Production of new coloring matter. J. Rohner. 

Produced by the action of metaphenylenediamine and metatoluelenedi- 
unine upon amidoazobenzene, or amidoazotoluol, or amidoazoxylol, 
yy amidoazoanisol. 

365,.551.—Ink eraser. R. M. Swinburne. 

Consists of a fibrous body charged with citric acid. 
365,.565.— Filter press. W. Baur. 
365.616.—Machine for manufacturing and bleaching 


Lombas. 


sugar. J. A. 


365.659.— Manufacture of lactic acid. C. N. Waite. 
The acid is made by fermenting a fermentable sugar in the presence 
of glue, a neutralizer and lactic ferment. 

365.666.— Manufacture of new red dyestuffs or coloring matters. — P. 

J0ettiger. 

Salts of tetrazo-diphenyl are combined with alpha or beta naphthyla- 
mines, and the dyestuffs thus formed are converted into mono- or disulpho- 
acids, by treating with concentrated sulphuric acid, anhydrous sulphuric 
acid, ormonochlorhydrine. 

365,667.—Combination of the salts of tetrazo-dipheny]l and the naphthyl- 
amines. P. Boettiger. 


July Sth, 1887. 


365,906.—Apparatus for the manufacture of fuel and illuminating gas. 
J. Bujac. 

365.921.—Process of refining and clarifying crude cottonseed oil. R. 
Hunt and E. 8. Wilson. 

The oil is treated with sodium silicate or its equivalent, and then with 
calcium hypochlorite and an acid. 

366.012.—Composition for artificial stone, etc. J. Lorenz. 

Consists of five parts ashes, four parts cinders and one part cement. 


366,026.—Apparatus for the manufacture of salt. R. G. Peters. 
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366,036.—Process of making potassium bichromate. W. Simon. 

Sodium bichromate is decomposed by potassium sulphate, or sodium 
chromate is decomposed by potassium sulphate and sulphuric acid. 

366,078.—Manufacture of dyestuffs or coloring matters. C. Duisberg. 

Obtained by the action of tetrazo-ditolyl upon alphanaphthol-alpha 
monosulpho acid. 

366,081.— Obtaining hydrogen from water gas. H. H. Edgerton. 

The hydrogen is separated by passing the gas through porous material, 
such as unglazed porcelain. 

366,103.—Process of extracting silver from its ores by lixiviation. O. 
Hofmann. 

366.118.—Process of recovering tin from tin plate and other materials. 
\. Lambotte. 

The tin scraps are subjected to the action of a continuous current of 
chlorine diluted with air at a temperature above the boiling point of stan- 
nous chloride, the resulting stannous chloride being collected in a solution 


of stannous chloride. 
July 12th, 1887. 


366,231.—Plastic composition. J. A. McClelland. 


ane 

Consists of pyroxyline dissolved in a non-volatile gum or resin. 

366.281.—Explosive compound. C. W. Volney. 

Consists of a solution of nitro-starch in nitro-glycerin. 

366,356.—Blue coloring matter formed by the action of paranitroso- 
diphenylamines upon phenols or oxycarbonic acids. E, Ullrich. 

366,357.—Blue coloring matter formed from paranitroso-methyldiphe- 
nylamine on phenols or oxycarbonic acids. 

366.487.—Process of and apparatus for distilling petroleum. J. M. Krie- 
ser. 

366,639.—Production of dimethyldiethylthionin blue. E. Ullrich. 

Is produced by joint oxidation of paramidodimethylaniline and diethyl- 
aniline in presence of a hyposulphite, or of paramido-diethylaniline and 
dimethylaniline in presence of a hyposulphite. 

366,640.—Production of diethylmethylthionin blue. E, Ullrich. 

Is produced by joint oxidation of paramidodiethylaniline and mono- 
methylaniline in presence of a hyposulphite. 


366,168.—Gas generating machine. L. C. Huber. 


366,169.—Injector for aeration of water. J. W. Hyatt. 


a 
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366,170.—Apparatus for purifying the water m,steam boilers. J. W. 
Hyatt. 


366,171.—Apparatus for purifying water. J. W. Hyatt. 


Issued July 19th, 1887. 

366, 720.—Apparatus for refining illuminating and lubricating oils. H. 
Goldwater. 

366,885.— Process of making ethers from petroleum. E. Schaal. 

July 26th, 1887. 

367,145,—Process of tanning. C. Kaestner. 

The leather is first dressed with alum and thoroughly dried, after which 
it is treated with tannin dissolved in alcohol. 

367,158,—Metallic alloy. C. A. Paillard. 

Consists of 60-75 parts palladium, 15-25 parts copper and 1-5 parts iron. 

367,159.—Alloy. C. A. Paillard. 

Consists of 50-75 parts palladium, 20-30 parts copper and 5-20 parts iron. 

367,160.—Alloy. C. A. Paillard. 

Consists of 65-75 parts palladium, 15-25 parts copper, 1-5 parts 
nickel, 1-24 parts gold, }to 2 parts platinum, 3-10 parts silver and 1-5 
parts steel. 

367,161.—Alloy. C. A. Paillard. 

Consists of 45-50 parts palladium, 20-25 parts silver, 15-25 parts copper, 
2-5 parts gold, 2-5 parts platinum, 2-5 parts nickel and 2-5 parts steel. 


August 2d, 1887, 


367,426.—Apparatus for the manufacture of ammonium sulphate. C, 
Meyer, Jr. 
367,619.—Apparatus for manufacturing illuminating and heating gas. 


Hanlon. 


— 


367,620.—Apparatus for manufacturing illuminating and heating gas. 
. Hanlon. 
367,669.—Apparatus for distilling wood, A. F. Schmitt. 


— 


367,731.—Deposition of platinum by electricity. W. A. Thoms. 

The solution contains platinum, sodium phosphate, ammonium phos- 
phate and sodium chloride. 

367,732.—Fertilizer. J. Van Ruymbeke. 

Consists of the undecomposed coagulated albuminoids of concentrated 


tank waters. 
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August 9th, 1887. 


367,940.—Process of purifying and preserving butter. G. W. Towar, Jr. 

The butter is heated and all extraneous matter removed. The pure 
liquid is then solidified by refrigeration and mixed with glycerine and salt, 
after which it is remelted until the glycerine and salt are eliminated. 
Finally the melted butter is mixed with fresh milk and agitated with it. 


367,992.—Process of preparing anhydrous ammonia. P. J. McMahon. 


367,993.—Apparatus for recovering ammonia inammonia motors, etc. 
. J. McMahon. 


_ 


368,032.—Process of lactic fermentation. C. N. Waite. 

Glucose, sugar or starch are fermented by the addition of ammonium 
hydroxide, phosphoric acid and lactic ferment in closed vessels, with ex- 
clusion of air. 

368,054.—Manufacture of soluble naphtharizin. R. Bohn. 

368,071.—Process of and apparatus for treating sewage. L. Coes. 

368,123.—Manufacture of carbonic acid. C. Arnois. 

Water gas is passed through a heated mass of a metallic oxidizing agent 
and thereby converted into carbon dioxide and steam. The steam is con- 
densed and the carbon dioxide collected. 

368,174.—Composition for cementing rubber. H. Vogley. 

Consists of gum rubber, gum gamboge, white lead, benzine, sulphur and 
sulphuric ether. 


August 16th, 1887. 


368,494.— Manufacture of resin acid ethers. E. Schaal. 


Angust 23d, 1887. 

368,716.—Process for the production of blue coloring matter. E. 
Greppin. 

Is produced by the oxidation of a mixture of paramido-dimethylaniline 
or the derivatives of diethylaniline, dimethylaniline, dimethylortho- 
toluidine, methyl-ethylorthotoluidine, and paraphenylendiamine — or 
paratoluylendiamine (paradiamidotoluol), in the presence of hydrogen sul- 
phide in acid solution. 

368,881.—Manufacture of salt. J. H. Duncan. 


368,882.—Apparatus for the manufacture of illuminating gas. F. Egner. 


W. R. 
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